Objective: To relate dietary patterns to cognitive function in elderly men. Design: Cross-sectional study. Setting: Population based. Subjects: 1049 men aged 70 ± 91 years around 1990 in ®ve cohorts from the Seven Countries Study: Finland (2 cohorts), the Netherlands (1 cohort), and Italy (2 cohorts). Interventions: Food intake was estimated by a cross-check dietary history. Based on the WHO guidelines for the prevention of chronic diseases, a healthy diet indicator was calculated (HDI). A higher HDI indicates a diet more in accordance with the WHO guidelines, and previously we showed that HDI predicted reduced all-cause mortality in our cohorts. Cognitive function was measured using the Mini-Mental State Examination (MMSE), and a score of 23 or lower was used to indicate cognitive impairment. Results: The prevalence of cognitive impairment varied from 14.4% in Zutphen (The Netherlands) to 42.1% in Crevalcore (Italy). There was a tendency towards a lower prevalence of cognitive impairment associated with increased HDI in four out of ®ve cohorts (not in East Finland). In Zutphen this association was borderline signi®cant (OR 0.81; 95% CI 0.63 ± 1.04) after adjustment for age, education, cigarette smoking, alcohol consumption and energy intake. In Crevalcore the association was statistically signi®cant (OR 0.75; 95% CI 0.58 ± 0.97). Conclusions: A healthy diet might be associated with a better cognitive function in elderly men. However, since the results were not consistent over all ®ve cohorts, further research is needed to con®rm this ®nding and to decide whether this association is causal.
Introduction
Cognitive performance is an important indicator of health and functioning in elderly people. Because the proportion of elderly people is growing in Western societies, research on determinants of cognitive function is of increasing relevance. Cognitive decline can be regarded as a marker of a dementing process, and current knowledge on the aetiology of dementia may point to potential modi®able risk factors for cognitive impairment with aging.
Several studies have investigated whether nutritional status or dietary intake and cognitive function are related in the elderly. These studies have partly been stimulated by the postulation that cognitive decline results from the presence of cardiovascular disease (Breteler et al, 1994) , and by the recent results of studies on diet and the risk of stroke, showing protective effects of vegetables and fruit (Acheson & Williams, 1983; Gillman et al, 1995) ,¯avo-noids (Keli et al, 1996) , and ®sh (Keli et al, 1994) .
Thus, associations have been demonstrated between poor performance on cognitive tests and low intake, and serum levels, of ribo¯avin, folate, vitamin B 12 , homocysteine, vitamin B 6 , and vitamin C (Goodwin et al, 1983; Riggs et al, 1996) , while Basun and colleagues (Basun et al, 1994) demonstrated that vitamin B 12 levels were not lower in people with Alzheimer's disease. Thiamin, riboavin and iron status in the blood were associated with neuropsychological function in an experimental study in 28 persons aged 60 ± 87 years (Tucker et al, 1990) . Vitamin B 6 supplementation in elderly men aged 70 ± 79 years was shown to affect storage of information in long-term memory (Deijen et al, 1992) . Also, a relation has been suggested between sugar intake (especially glucose) and enhanced memory, particularly in elderly individuals (White & Wolraich, 1995) . A high caloric intake in middle age was associated with lower cognitive function at old age (Fraser et al, 1996) . No associations between macronutrient intake and cognitive impairments were observed in a study in a free-living elderly population aged 65 years or more in France (Pradignac et al, 1995) . However, the intake of b-carotene (Jama et al, 1996) and ®sh (Kalmijn et al, 1997a) was inversely associated with cognitive function in two Dutch population-based studies. Fish intake was also inversely associated with incident dementia (Kalmijn et al, 1997b) . Finally, the prevalence of dementia was observed to be lower in vegetarians than in meat-eaters (Giem et al, 1993) , which was ascribed to the lower consumption of saturated fatty acids and cholesterol by vegetarians. The only controlled trial so far showed a delay in the progression of Alzheimer's disease in subjects receiving a-tocopherol and selegiline (Sano et al, 1997) , although there was no improvement in cognitive function.
Based on these various ®ndings, we hypothesised that a well-balanced diet, rather than the quantity of individual nutrients or foods, may result in a good cognitive function. We developed a healthy diet indicator (HDI) based on the dietary recommendations for the prevention of chronic diseases of a WHO study group (WHO, 1990; Huijbregts et al, 1997) . This HDI measures the degree of accordance of a person's dietary pattern with these recommendations. Recently we demonstrated a positive association between the HDI and all-cause mortality among elderly men in three European countries (Huijbregts et al, 1997) . In the present study we investigated the association between the HDI and cognitive performance, measured by the Mini-Mental State Examination, in an international study among elderly men in Finland, Italy and the Netherlands. From 1958 From to 1964 population samples of men aged 40 ± 59 years from seven countries were enrolled and examined at baseline for the Seven Countries Study (Keys, 1980) . Re-examinations were organised in several countries and since 1984, Finland, Italy and The Netherlands have continued the examination of their cohorts, focusing on health and its determinants in the elderly.
Subjects and methods

Study population
In this study we report cross-sectional data concerning dietary intake and functional status that were gathered during the 30-year follow-up surveys, carried out in Finland in 1989, in The Netherlands in 1990, and in Italy in 1991. Detailed information about the study population and dietary intake has been reported elsewhere (Huijbregts et al, 1995) . In 1989, 524 Finnish men were still alive, of whom 89.7% completed a short questionnaire regarding their general health. From a random sample of 350 men, 298 were selected for the detailed dietary survey, because of limited resources. Complete information on the dietary follow-up survey was ®nally obtained from 98 men in East Finland and 129 men in West Finland (Ra Èsa Ènen et al, 1992) . In Zutphen, in 1990, out of the 718 men that were alive, 541 men participated in dietary survey. In the fall of 1991, 614 men from the Italian cohorts were still alive. All survivors were invited to participate in the study, and 427 responded. Complete dietary information was obtained from 231 men in Crevalcore and 190 men in Montegiorgio. In the present analyses, complete information for diet, cognitive function and confounding variables was available for 96 men in East Finland, 125 men in West Finland, 518 men in Zutphen, 216 men in Crevalcore, and 180 men in Montegiorgio.
Examinations
The surveys were carried out in spring (The Netherlands) or in the autumn (Finland and Italy). Food intake data were collected by the cross-check dietary history method adapted to the local situation (Burke 1947; Alberti-Fidanza et al, 1988; Kromhout et al, 1990 ; Ra Èsa Ènen et al, 1992).
Although the dietary history method was adjusted to the local situation in each speci®c country, the methodology was comparable. The reproducibility of this dietary history method was investigated and considered to be satisfactory (Bloemberg et al, 1989) . The method gives information about the usual food intake in the months preceding the interview.
Each participant was interviewed together with the person who prepared the food (usually the wife) for about 1 1 2 hours about his usual food consumption on weekdays and during weekends. For the ®rst check, the average consumption of food during a week was estimated, and for the second check the quantities of food bought per week for the whole family were estimated. On the basis of this information, food consumption on a typical weekday was calculated. Portion sizes of selected foods were estimated by 126 colour photographs of various portion sizes in Finland, by arti®cial examples of different foods in Italy, and by a portable scale in the Netherlands (Bloemberg et al, 1989) . The nutrient intake was assessed using computerised versions of the local food tables for the three different countries (Alberti-Fidanza et al, 1988; Kromhout et al, 1990; Ra Èsa Ènen et al, 1992) . The interviews were carried out by experienced dietitians and nutritionists in all cohorts.
Global cognitive function was measured in a controlled hospital setting. A trained nurse administered the 30-point Mini-Mental State Examination (MMSE) to the participants. The local translation of the MMSE, developed by Folstein et al (1975) was used. It includes questions on orientation to time and place, registration, attention and calculation, recall, language and visual construction. This screening test was originally created for a clinical setting (Folstein et al, 1975) , and is extensively used in epidemiological studies (Launer 1992) . It is available in many languages (Escobar et al, 1986; Salmon et al, 1989) . Although it tests a limited set of cognitive functions, these are important to daily functioning and severely affected in dementia. We used a score of less or equal to 23 as cut-off point, since this is indicative of mild cognitive impairment (Tombaugh & McIntyre, 1992) .
Information about cigarette smoking was collected by standardised questionnaires. We classi®ed subjects as men who never smoked, men who had stopped smoking, and current smokers. Men who did not drink alcohol were classi®ed as abstainers. Those who drank not more than three glasses per day (not more than 30 g alcoholaday) were classi®ed as light drinkers; those who drank three to six glasses per day (between 30 and 60 g alcoholaday) were classi®ed as moderate drinkers; and those who drank more than six glasses of alcohol per day (more than 60 g alcoholaday) were classi®ed heavy drinkers. We chose this high cut-off value of six glasses per day for heavy drinkers because of the high alcohol consumption in Italy. In the same Italian rural populations, Farchi et al (1992) demonstrated that mortality rates started to increase at about 60 g of alcohol per day.
In 1985 the study was retrospectively approved by the Medical Ethical Committee of the University of Leiden, The Netherlands. (No ethical guidelines existed at the time of the ®rst surveys.)
Healthy diet indicator
We used the dietary guidelines for the prevention of chronic diseases that were de®ned by a study group of the World Health Organization (WHO, 1990) as a basis for Dietary patterns and cognitive function PPCW Huijbregts et al the calculation of a healthy diet indicator (HDI). A detailed description of the calculation of the HDI has been reported recently (Huijbregts et al, 1997) . A dichotomous variable was generated for each food group or nutrient. If a person's intake was within the recommended borders, this variable was coded 1, and if the intake was outside these borders, it was coded 0. The healthy diet indicator was calculated as the sum of all these dichotomous variables (range 0 ± 9).
From the WHO guidelines we used the items saturated fatty acids; polyunsaturated fatty acids; protein; complex carbohydrates; dietary ®bre; fruits and vegetables; legumes, nuts and seeds; mono-and disaccharides; and cholesterol to calculate the healthy diet indicator (Table 1) . Because alcohol consumption in Italy was high compared to that in the other two countries, we calculated intake of macronutrients as a percentage of energy intake without energy provided by alcohol.
Statistical methods
Differences in mean values of selected characteristics between cohorts were tested using analysis of variance. Frequencies of categorical variables in the different cohorts were compared by the chi-square test. The HDI was calculated. To get an impression of what the HDI was measuring in each of the cohorts, we calculated for the individual items the percentages of men who were within the recommended borders of the WHO guidelines. Differences between the men with normal cognitive function and those with mild cognitive impairment were tested within each cohort using Student's t-test or the chi-square test. To investigate whether the dietary pattern was associated with cognitive performance in elderly men, we used a logistic regression model with the healthy diet indicator as the explanatory variable, both crude and after adjustment for age, years of education, cigarette smoking, alcohol consumption and energy intake. These analyses were carried out for each cohort separately. All Pvalues were based on two-sided tests and a P-value of 0.05 was considered to be statistically signi®cant. All statistical analyses were carried out using the SAS statistical analysis computer package (version 6.10).
Results
Mean age of the participants varied from 75.1 years in East Finland to 77.8 years in Crevalcore (Italy) ( Table 2 ). The average score on the MMSE varied from 23.3 in Crevalcore to 26.2 in Zutphen. In West Finland the MMSE was signi®cantly higher than in East Finland (P`0.05), but in Italy no signi®cant difference between the cohorts was observed. More than 40% of the men had mild cognitive impairment (MMSE`24) in Crevalcore and East Finland, while this was only 14% in Zutphen. Education also varied signi®cantly between the cohorts. In East Finland men were educated for almost 3 years on average, while the men in Zutphen had on average 10 years of education. When the MMSE was adjusted for age and education, the differences between the cohorts became much smaller, ranging from 24.3 in Crevalcore to 25.8 in West Finland, but were still signi®cantly different between the cohorts.
The mean healthy diet indicator (HDI) varied from 1.9 in East Finland to 4.1 in Montegiorgio. It ranged from 0 to 5 in Finland and The Netherlands, and from 0 to 7 in Italy. Average energy intake was highest in the Finnish cohorts and lowest in Zutphen, and differed by more than 2.5 MJaday. Alcohol intake also varied largely between the cohorts. The percentage of abstainers ranged from 47% in East Finland to 10% in Montegiorgio. Also, smoking habits were signi®cantly different between the cohorts and the percentage of current smokers varied between 8% in West Finland and 22% in Zutphen.
In the Finnish cohorts, most men scored well within the borders of the WHO guidelines for polyunsaturated fatty acids and ®bre (Table 3 ). In Italy, the score was mainly In all cohorts, men with mild cognitive impairment were signi®cantly older and less educated (Table 4) . In all cohorts except East Finland, men with a normal cognitive function had a higher HDI than men with mild cognitive impairment. In West Finland and Crevalcore the difference was statistically signi®cant (P`0.05). In Montegiorgio, but not in other cohorts, men with mild cognitive impairment had a lower energy intake than men with normal cognitive function (P`0.05). No signi®cant differences in smoking and drinking habits were observed between men with normal and mildly impaired cognitive function.
After adjustment for age, education, cigarette smoking, alcohol consumption, and energy intake, in all cohorts except East Finland, a healthy diet was inversely associated with mild cognitive impairment (Table 5 ). In Zutphen, the association was borderline signi®cant. The adjusted odds ratio for one unit increase in the HDI was 0.81 (95% CI 0.63 ± 1.04). In Crevalcore, the association was statistically signi®cant. The adjusted odds ratio for one unit increase in the HDI was 0.75 (95% CI 0.58 ± 0.97). Since we observed a signi®cant interaction of HDI with the dummy variable for East Finland (P 0.006), no pooled analysis was done.
Discussion
To our knowledge, this is the ®rst study that has investigated the association between dietary patterns and cognitive function. In four out of ®ve cohorts, a healthy diet was associated with a reduced prevalence of mildly impaired cognitive function. In Zutphen, one unit increase in the HDI was associated with an odds ratio of 0.81 for mild cognitive impairment, whereas in Crevalcore the OR was 0.75 and statistically signi®cant.
Several reasons can be postulated why the observed inverse association was statistically signi®cant in one cohort only. First, the statistical power in each of the separate cohorts might have been too low to ®nd statistically signi®cant associations. Also, the lack of variation in In contrast to the other cohorts, we observed that in East Finland the men with a healthier diet had a lower cognitive function, although the association was not statistically signi®cant. A possible explanation for this observation could be the history of this cohort. Cardiovascular disease mortality has been extremely high in this cohort . During the past 20 years the area in which this cohort is situated has been subject to a health education campaign aiming at an improvement of the dietary habits of the inhabitants (Vartiainen et al, 1994a (Vartiainen et al, , 1994b . Possibly the former unhealthy dietary pattern may have had an effect on the development of cognitive decline, while the actual diet has been improved due to effects of the campaign. In a cross-sectional analysis this might result in the observation that men with lower cognitive function consume healthier diets.
The average score on the MMSE differed signi®cantly between the cohorts. The percentage of men with mild cognitive impairment was more than 40% in Crevalcore and East Finland, while it was 14% in Zutphen. Partly this might be explained by a difference in education between the countries. Several studies discussed the role of education in the measurement of cognitive function (Tombaugh & McIntyre, 1992; Fratiglioni et al, 1993; Launer et al, 1993) . Tombaugh & McIntyre (1992) indicated that differences in educational levels might increase the likelihood of misclassifying normal subjects as cognitively impaired. This might be particularly evident when subjects have fewer than 9 years of education, which is the case among a large part of the men in the Italian and Finnish cohorts. However, after adjustment for age and education, the differences in MMSE between the cohorts were still statistically signi®cant, which indicates that other factors are also responsible for the observed difference, such as genetic factors, career, lifestyle, culture and dietary intake. Furthermore, it has to be mentioned that participation rates in Finland were higher than in The Netherlands and Italy and thus the proportion of men with impaired cognitive function was probably higher.
In each of the cohorts, we investigated the associations of the separate dietary components of the healthy diet indicator with cognitive performance. This did not highlight any speci®c food or nutrient that could be held responsible for the observed association between the HDI and cognitive function. The dietary components that were signi®cantly associated with cognitive function were not the same in each of the cohorts (data not shown). These results support the hypothesis that the combination of different dietary components Ð the dietary pattern Ð is responsible for the observed association with cognitive function.
Dietary intake might cause cognitive decline by in¯uen-cing cardiovascular disease (Breteler et al, 1994) . We checked whether intermediating diseases or risk factors were responsible for the observed associations. However, adjustment for a history of stroke, myocardial infarction, intermittent claudication diagnosed by a trained physician according to a standardised protocol, hypertension and total or HDL cholesterol did not in¯uence the association between diet and MMSE (data not shown). This hypothesis could therefore not be con®rmed in the present study.
We did not ®nd studies investigating the association of dietary patterns with the risk of cognitive impairment. Pradignac and co-workers (1995) investigated the association of the intake of separate macronutrients with cognitive impairment in a free-living elderly population of 226 men and 215 women aged 65 years or more in France. Food intake was measured by a three-day record. Cognitive function was assessed with the MMSE. They concluded that macronutrient de®ciencies are of little importance in the worsening mental autonomy of the elderly. However, in two recent larger population-based studies on elderly men and women and on elderly men, signi®cant association was seen between dietary intake and cognitive function as measured by MMSE. In the Rotterdam Study a higher intake of antioxidant vitamins, especially b-carotene, was associated with increased cognitive function (Jama et al, 1996) . An association between increased ®sh intake and better cognitive function in the Zutphen Elderly Study (Kalmijn et al, 1997a) , part of the present cohorts, was con®rmed in the longitudinal setting of the Rotterdam Study investigating the risk of incident dementia (Kalmijn et al, 1997b) .
These studies also addressed the reliability of dietary data taken from subjects with impaired cognition, making use of their longitudinal design, and excluding cognitively impaired subjects at baseline. However, this could not explain their results. In this respect it should be noted that the majority of subjects in our study were not institutionalised (97%), and severely demented persons were excluded from the survey, and that we used the crosscheck dietary history method, with additional information from the spouse. Nevertheless, we cannot completely exclude the possibility that part of our ®ndings is due to differences in accuracy of dietary reporting associated with cognitive function. This topic therefore needs further evaluation, preferably using longitudinal data. Our ®ndings could not be explained by an altered diet of patients with cardiovascular disease, since, as indicated previously, additional adjustment for these variables did not alter our ®ndings.
Thus, the results of the present study suggest that a healthy diet can be associated with a better cognitive function in elderly men. Previously, an association between such an indicator and mortality has been demonstrated (Huijbregts et al, 1997; Trichopoulou et al, 1995; Osler & Schroll, 1997) , indicating that it is the overall dietary pattern that counts. Since the effects were not consistent in all our cohorts, the results have to be con®rmed in other studies. Additional longitudinal investigations and intervention studies are needed to give a de®nite answer to whether a healthy dietary pattern can prevent cognitive decline.
